Introduction
Traumatic carotid-cavernous fistulae (TC-CFs) are commonly treated by transarterial balloon embolization [1] [2] [3] [4] . The goal of the treatment is to occlude the fistula with preservation of the parent artery, but technical difficulties are not uncommon. Transarterial balloon embolization can fail in 5% to 10% of cases 5 with complex vascular or fistula anatomy in which there may be difficult access by detachable balloon or failure to achieve angiographic cure. While Guglielmi Detachable Coil (GDC) (Boston Scientific Corporation, Fremont, CA) has been shown to be a good embolic material for these small arteriovenous fistulas 6 , the application of GDC to high-flow AVF has not been widely evaluated. The purpose of this study is to report our experience of transarterial GDC embolization of 12 TCCFs, and to evaluate the advantage and limitations of GDC in managing TCCFs.
Methods
From August 2000 to August 2007, there were 98 TCCFs referred to our Department of Radiology, Taipei Veterans General Hospital & National Yang-Ming University School of Medicine, Taipei, Taiwan for endovascular management. Of these, 11 patients with 12 TCCFs were treated by transarterial GDC embolisation. In our 11 study
Summary
We report our experience with transarterial embolization of traumatic carotid-cavernous fistulae (TCCFs) by using Gugliemi detachable coil (GDC). From 2000 to 2007 at our institution, 11 patients with 12 TCCFs underwent transarterial GDC embolization because of failure to occlude fistulae by detachable balloon with preservation of the parent artery.
The cause of the failure to occlude the fistula by detachable balloon was small fistula tract (n=9) and/or tortuous parent artery (n=3) or repeated balloon puncture by bony fragment (n=1). All TCCFs were successfully occluded by a single session transarterial GDC embolization. The average number of coils were eight (range, two-16) with an average length of 104 cm (range, 12-283 cm). No statistically significant procedure-related neurological complication or recurrent TCCF was observed in any of the patients.
Transarterial GDC embolization is a useful method in the treatment of TCCFs, particularly in those TCCFs with small fistula tract or small CS. into the cavernous sinus due to a small fistula tract (n=9, figure 1 ) and/or tortuous carotid artery (n=3, figure 2 ), or repeated balloon puncture by bony fragment (n=1). Endovascular procedure for TCCF was performed under general anesthesia using a femoral approach. Activated clotting time was maintained at a value of twice the baseline value. A 6F or 7F guiding catheter was positioned in the parent artery, which was followed by navigation of a microcatheter into the cavernous sinus (CS). Occlusion of the TCCF was initiated by selection of the proper GDC, which then were packed into the CS. The endpoint of the procedure was complete occlusion of the fistula flow (n=8) or determination of failure to slow the flow of the fistula with further coil embolisation as a result of microcatheter recoil (n=4). A post-embolization angiogram was done immediately after completion of the procedure to check for occlusion of the fistula. Of these 12 TCCFs, all had follow-up angiography within 8 weeks after embolization.
Results
The average number of coils was 8 (range, 2-16) and the average length was 104 cm (range, 12-283 cm), which was dependent upon the size of the fistula tract and CS. Complete fistula closures were documented on post-embolization angiograms in eight TCCFs. Small residual flow remained in the other four cases, and spontaneous thrombosis was detachable balloon failed to negotiate the fistula and cavernous sinus due to a tortuous carotid artery. B) Thirteen GDCs with a total length of 234 cm were used to occlude the fistulae and cavernous sinus that resulted in total occlusion of the fistula with preservation of the ICA.
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confirmed in these 4 cases by follow-up angiogram within four days. One patient experienced temporary impairment of the third cranial nerve function presenting with ptosis, but this resolved completely within six months. One patient had an asymptomatic pseudoaneurysm formation at the cavernous portion of the internal carotid artery (ICA) of insufficient packing of the CS. No permanent procedure-related neurological complication or recurrent fistula was observed in any of the 11 patients. All patients have undergone clinical follow up for an average of 13 months (range, 3 to 25 months). All of the clinical symptoms and signs related to fistula such as bruit, chemosis, proptosis, and headache gradually resolved after endovascular treatment.
Discussion
TCCFs are usually treated with detachable balloon with promising outcomes.With this technique the successful occlusion rate is more than 90% 1 .Preservation of the ICA blood flow can be achieved in about 75% to 88% of cases 3, 7 . However, in patients with complex vascular and/or fistula anatomy, including a tortuous or stenotic ICA, intimal flap, small fistula tract, or small CS, the balloon cannot be guided into an ideal position to allow fistula occlusion with ICA preservation. In addition, sharp margins of bony fractures or foreign bodies may rupture the balloon during inflation 4 . In our series, we had 9 TCCFs in which there was failure to negotiate the detachable balloon into the cavernous sinus due to a small fistula tract. Two TC-CFs were tortuous and/or stenotic the ICA, and one was repeated balloon puncture. The potential risks of over-manipulation of the detachable balloon in these patients are premature balloon detachment with inadvertent occlusion of the carotid artery or intracranial branches leading to thromboembolic events. The use of standard platinum coils alone has been reported in the treatment of intracranial high-flow AVFs 7, 8 . By navigating a microcatheter into the CS through the fistula tract, microcoils can be placed into the CS that are led to the fistula occlusion.The disadvantages of the platinum coil technique include difficult retrieval, the relative stiffness of the coils, the risk of perforation, and the difficulty of packing them tightly with residual fistula. Conversely, GDC is retrievable and allows precise coil placement. Furthermore, longer coils are available for GDC as compared to conventional platinum coil. However, the limitations of GDCs include their cost and the fact that GDCs are not thrombogenic. Additionally, GDCs have less space-filling capacity than balloons, which may result in incomplete occlusion if the fistula cannot be densely packed. In those TCCFs with larger CS, many coils are needed and coil mass may superimpose the nearby parent artery. This can lead to difficulty in the evaluation of the patency of the parent artery ( Figure 2 ). Consequently, GDC is thought to be a suitable embolic material for those TCCFs with small fistula tracts and small CS 6, 9, 10 . In our series, GDC was used as a single embolic material to occlude TCCFs. To achieve mechanical blockage of the shunting flow with angiographic cure of the TCCF, the CS should be densely packed. In the present series, two to 16 coils were used (mean = eight) with a mean length of 104 cm were used to achieve an angiographic cure. The number and length of the coils are largely depended on the size of the CS. Exact coil positioning and the prevention of herniation into the parent vessel are critical to minimize persistent pseudoaneurysms and embolic complications. In our series, there was an asymptomatic pseudoaneurysm formation at the cavernous ICA after total occlusion of flow. Subtotal obliteration of the fistulae with small and slow fistula flow was observed in four TCCFs at the end of the procedure. Spontaneous closure of the residual fistulae was found on follow-up angiogram at three to four days after embolisation. Therefore, subtotal occlusion with small residual shunting flow may not in-dicate failure, and does not appear to be a definite indication to place more coils. However, follow-up angiogram is mandatory to check the occurrence of spontaneous thrombosis.
Conclusions
In this series, all of the patients were successfully treated with GDCs via the transarterial route with excellent results. Transarterial GDC embolization of TCCFs proved both safe and effective in the management of these high-flow AVFs, particularly in TCCFs with small fistula tract and/or CS.
